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菌 Tenacibaculum mesophilum HMG1，其孔雀石绿降解效率可以在 12 h 内达到
98.82%；通过全基因组测序分离得到一种过氧化物酶基因——h-peroxidase，同
时发现其原核表达产物 H-rPOD 可以在 4 h 内降解高达 1000 mg/l 的孔雀石绿；
LC-MS (Liquid Chromatography-Mass Spectrometry)分析结果表明，孔雀石绿经菌
株 HMG1 降解后的中间产物，分别为 desmethyl-MG (m/z 315)、4-(dimethylamino) 
benzophenone (m/z 226)和 4-(methylamino) benzophenone (m/z 212)；孔雀石绿经
H-rPOD 降解后，形成了 5 种中间产物，分别为 didesmethyl-MG (m/z 302)、
hydroxyl-MG (m/z 346)、(hydroxyl) didesmethyl-MG (m/z 318)、Michler’s ketone 
(m/z 269)和 N,N-dimethylaniline (m/z 122)；通过以上中间产物推测出孔雀石绿的
生物降解途径，其化学反应机制与亲核进攻相关。同时，研究表明 H-rPOD 在成
分复杂的环境中对孔雀石绿仍具有高降解活性，金属离子、金属螯合剂、盐度等
因素对 H-rPOD 的降解效率均无明显抑制作用。 
本研究构建了深海沉积物微生物Cosmid DNA宏基因组文库，该文库的DNA
平均插入片段大小为 35 kb 左右，其滴度为 9.22×104 pfu/ml，共包含 51632 个克
隆，该宏基因组文库共含有 1.77 GB 的数据量，可以覆盖 84 株类似大肠杆菌总
基因组(其总基因组为 4.7 MB)的微生物，且覆盖率达到 99%，为包含孔雀石绿降
解功能在内的各种功能基因的筛选提供了丰富的基因资源。 
本研究通过 Illumina Hiseq2500 对红树林沉积物宏基因组进行高通量测序，
















三大类基因，其中 POD 基因占绝大部分，丰度达到 93.54%；其次是 LACC 基因，
丰度为 0.34%；CYP 基因丰度最小，只有 0.31%。本文分别选取三类基因中与已
知序列同源性较低的基因进行原核表达(mgv-peroxidase、mgv-laccase 和 mgv-p450)
并验证其重组蛋白(Mgv-rPOD、Mgv-rLACC 和 Mgv-rP450)的孔雀石绿降解活性。
其中 Mgv-rPOD 可以在 40 min 内降解浓度为 300 mg/l 的孔雀石绿，降解效率可
达 97.3%；而 Mgv-rLACC 和 Mgv-rP450 的降解活性较弱，分别可以降解 63.7% 
和 54.1%的孔雀石绿(浓度为 20 mg/l)，二者所需的降解时间也较长，需要消耗 24 
h。Mgv-rPOD 对包括金属离子、EDTA、盐度、低温等外界环境的影响具有较强































Malachite Green (MG) is a type of triphenylmethane dye. It is extensively used as a 
drug in the aquaculture industry and as a dye in the textile industry. The effluents with 
MG are colored and highly increase the biochemical oxygen demand (BOD) and 
chemical oxygen demand (COD) of aquatic ecosystems. The dye released without any 
treatments seriously inhibits viability and development of aquatic animals and plants 
by blocking sunlight penetration, and then transferring into human by the food chain. 
However, MG is still used due to its low cost and high efficacy against fungi and 
protozoa. In this sudy, we aim to discover marine microorganisms and enzymes 
degrading MG from mangrove and deep sea sediments using culture-depended and 
-independed methods. Meanwhile, by studying the MG-degrading characteristics of 
bacteria and enzymes, we could provide potential and valuable bioresource from 
marine environmental remediation.   
 One strain isolated from Pacific sediment, identified as Tenacibaculum mesophilum 
HMG1, was the first marine bacterium with strong MG-degrading activity. It was 
capable of efficiently removing 98.82% of MG within 12 h and grew vigorously at a 
concentration of 20 mg/l MG. A peroxidase gene found in the genome of strain 
HMG1 was expressed in Escherichia coli BL21 (DE3) cells, and the recombinant 
peroxidase (rPOD) was able to degrade MG at a concentration of 1000 mg/l. The 
primary pathway of MG degradation by strain HMG1 and rPOD was inferred based 
on common candidate intermediates detected by LC-MS (Liquid 
Chromatography-Mass Spectrometry), including desmethyl-MG (m/z 315), 
4-(dimethylamino) benzophenone (m/z 226), and 4-(methylamino) benzophenone 
(m/z 212). Besides that, due to the presence of other candidate intermediates, 
including didesmethyl-MG (m/z 302), hydroxyl-MG (m/z 346), (hydroxyl) 
didesmethyl-MG (m/z 318), Michler’s ketone (m/z 269), N,N-dimethylaniline (m/z 
122) and MG (m/z 329), rPOD might possess another MG degradation pathway. 
















salinity, which considered as a good choice to removle MG in complex wastewater. 
  One metagenomic library was constructed from Pacific deep-sea sediment. The 
metagenomic library has a titer of 9.22×104  pfu/ml, and contained 51632 clones. The 
library involved 1.77 GB data which could cover 84 microorganism genomes similar 
to E. coli genome (the total genome 4.7 MB) with a coverage rate of 99%. This 
library would provid diverse and abundant microbial information for functional genes 
screening in the future.  
We also explored MG-degrading genes (MDGs) from Chinese mangrove sediments 
using metagenomics sequencing. 10 GB data and 33756 contigs was obtained among 
those sequences, 46 putative MDGs were discoveredand belong to three kinds of 
enzyme, including peroxidase genes (93.54% of total MDGs), laccase (0.34%) and 
p450 (0.31%). Three MDGs, mgv-laccase, mgv-peroxidase and mgv-p450, were 
expressed in E. coli BL21 (DE3) cells to verify the MG-degrading activity. All the 
three recombinant proteins, Mgv-rLACC, Mgv-rPOD and Mgv-rCYP, showed 
MG-degrading activities. Mgv-rPOD has the most markable efficiency and could 
decolorized 97.3% of MG (300 mg/l) wthin 40min. In addition, 63.7% and 54.1% of 
MG (20 mg/l) were removed by incubating with Mgv-rLACC and Mgv-rCYP within 
24 h, respectively. The comparative analysis showed that Mgv-rPOD had strong 
adaptability to metal ions (except Cu2+), metal-chelator, salinity, low temperature and 
variable pH. These characteristics made Mgv-rPOD better to remove MG from 
complex marine environment.  
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